Oxidative stress with an activation of the renin-angiotensin system in human vascular endothelial cells as a novel mechanism of uric acid-induced endothelial dysfunction.
Oxidative stress is known to be a major mechanism of endothelial dysfunction, which plays a key role in the development of cardiovascular disease. Although uric acid is one of the most important antioxidants, recent studies have suggested that uric acid may have a causal role in endothelial dysfunction. In order to understand the paradoxical association of uric acid with oxidative stress and vascular disease, we investigated whether uric acid induced oxidative stress in human vascular endothelial cells. We also examined whether uric acid-induced changes in redox status were related to aging and death of endothelial cells or an activation of local renin-angiotensin system, another mediator of endothelial dysfunction. Endothelial senescence and apoptosis were evaluated by senescence-associated beta-galactosidase staining and annexin V-propidium iodide staining in primary isolated human umbilical vein endothelial cells (HUVECs). Production of reactive oxygen species was assessed by dichlorofluorescein diacetate staining. mRNA expression of angiotensinogen, angiotensin-converting enzyme and the receptors of angiotensin II was evaluated by real-time PCR, and angiotensin II levels were measured in uric acid-stimulated HUVECs. Uric acid-induced senescence and apoptosis in HUVECs at concentrations more than 6 and 9 mg/dl, respectively. Uric acid-induced alterations in cell proliferation, senescence and apoptosis were blocked by probenecid, enalaprilat or telmisartan. Uric acid significantly increased production of reactive oxygen species beginning at 5 min, and uric acid-induced senescence and apoptosis of HUVECs were ameliorated by N-acetylcysteine or tempol. Uric acid also upregulated the expression of angiotensinogen, angiotensin-converting enzyme and angiotensin II receptors and increased angiotensin II levels, which was ameliorated with tempol. Uric acid-induced aging and death of human endothelial cells are medicated by local activation of oxidative stress and the renin-angiotensin system, which provides a novel mechanism of uric acid-induced endothelial dysfunction. Therapies targeting uric acid maybe beneficial in cardiovascular disease.